The main issues raised by the reviewers refer to the need to rigorously demonstrate that the bistability of the circuit depends on sequestration and not on the toxicity of sigma overexpression and to show that the system is scalable and non toxic. Reviewer #3 is also asking to analyse the role of noise in the behavior of this circuit. Finally, the referees make constructive suggestions for citations of related works.
Thank you again for submitting your work to Molecular Systems Biology. We have now heard back from the three referees who agreed to evaluate your manuscript. As you will see from the reports below, the referees find the topic of your study of potential interest. They raise, however, several concerns on your work, which should be convincingly addressed in a major revision of the present work.
The main issues raised by the reviewers refer to the need to rigorously demonstrate that the bistability of the circuit depends on sequestration and not on the toxicity of sigma overexpression and to show that the system is scalable and non toxic. Reviewer #3 is also asking to analyse the role of noise in the behavior of this circuit. Finally, the referees make constructive suggestions for citations of related works.
We agree with reviewer #1 that the format of the present study can be extend to a full-length article if the additional analysis requires it.
1. The toxicity and scalability problem stems from the importance of sigma factor, a critical component of bacterial RNA polymerase. There are different sigma factors in E. coli (sigma 70, sigma 54, sigma 28, etc..), these sigma factors bind tightly to holoenzyme (Kd = 0.1 to 4 nM), and compete for holoenzyme; see Maeda et al, NAR 28: 3497 (2000) and Grigorova et al, PNAS (2006) . Thus, overexpression of one sigma factor could titrate holoenzyme from other sigma factors (and hence, repress gene expression of important bacterial regulons). This overexpression could easily lead to toxicity, i.e. reduced growth rate. This situation becomes exacerbated when a sigma factor stimulates its own expression, i.e. positive feedback. It has been shown previously that overexpression toxicity in combination with positive feedback can generate bistability; see Tan et al, Nat. Chem. Biol. 2009; Klumpp et al, Cell 2009 . Thus, we think the following experiments are important controls: a. Verify that SigW overexpression does not affect cell growth rate.
In Fig. S3 , the authors show that pre-grown ON strains [which strain? Figure 2 ?] transferred intoara (ON) or +ara (OFF) have a 3% growth difference after 12 hours of growth. NOTE: It would be helpful to see the OD600 growth curves with best-fit exponential growth curve (and inferred rates).
However, we were hoping to see growth rate of a pre-grown OFF strain put into +ara (OFF). We think that this is the relevant comparison.
b. Verify that sigW auto-activation alone does not lead to bistability.
c. Monitor transcription of sigma 70, sigma 54 genes. If sigW over-expression (monostable HI) is competitive with other sigma factors, then one expects to see a decrease in gene expression of sigma 70, sigma 54 target genes.
d. The authors note that there are 35 ECF sigma factors with orthogonal anti-sigma factors, so the scalability should be easy to achieve. However, for reasons outlined above, it is not obvious that this approach is scalable. As one adds heterologous, auto-activating sigma factors, the holoenzymesigma 70 fraction will diminish and toxicity increases. We think the authors' claims of orthogonality and scalability would be strengthened by the use of another sigma/anti-sigma pair. This would confirm that these results are not unique for sigW and that multiple sigma factors are free of toxicity issues.
2. In SOM, the authors estimate beta ~ 1800, kappa ~ 3100, which are dimensionless quantities. If we take a typical protein-protein dissociation constant for anti-sigma / sigma (i.e. Kd ~ 1 nM, see Maeda et al, NAR 2000) , then Km ~ 1550 nM and sigW steady-state concentration with positive feedback is ~ 250 nM without aTc and ~720 nM with full aTc induction. If true, this implies that Km of sigW binding to its promoter is surprisingly weak and that the concentration of sigW is low enough to not effectively compete with sigma 70; see Grigorova et al, PNAS (2006) . The latter suggests that sigW expression might not be toxic --but this still needs to be tested. We note that our numbers above are sensitive to our presumption of Kd=1 nM. Ideally, the authors should measure concentrations, Km, and Kd of sigW.
3. Erik Winfree and co-workers have shown that sequestration (DNA-DNA rather than proteinprotein) combined with positive feedback can generate bistable behavior (Kim et al, Mol. Syst. Biol. 2006 ). Yet, the authors write: "Curiously, no one has yet demonstrated in vivo that sequestration with positive feedback is sufficient to build a bistable switch ...". We think that the authors are being ungenerous to the success of in vitro synthetic biology by not acknowledging the prior work of Winfree and others.
The authors also forgot to cite recent in vivo work that built a T latch (push-on, push-off); see Lou et al, Mol. Syst. Biol. (2011). 3. The SOM is disorganized. We suggest that the authors significantly improve this section. In addition, the authors should: a. Use software capable of type-setting equations. Table S1 was confusing (e.g. Pbad-RsiW+mRFP). Is this standard gene nomenclature?
Description in
Reviewer #2 (Remarks to the Author):
Chen et al successfully constructed a synthetic gene circuit, showing bistability and hysteresis, in E. coli cells. The genetic circuit consists of a typical positive autoregulation, comprised of the transcription factor, sigW, under the Psigw promoter, and the inhibitor, anti-sigW, under the inducible promoter, Pbad (activated by arabinose). The promoter activity of Psigw, reported by YFP, is resultantly decided by the amount of the free sigW, as a function of arabinose. Theoretically, if ultrasensitibity or nonlinearity of Psigw is strong enough, the expression level of YFP would show bistable states under certain conditions (e.g., adequate concentrations of arabinose). The authors demonstrated that the expression of YFP achieved both monostable and bistable states as the function of arabinose, and showed the hysteresis, that is, the cells kept their initial expression states over 70 generations without stochastic switching between two states. They concluded that ultrasensitivity from sequestration combined with positive feedback was sufficient to build a bistable switch. The purpose of the study is to build a tunable genetic switch for generating bistable expressional states. Overall, the experiments and analyses are well done. However, how much the ultrasensitivity of their circuit relies on the sequestration step is one of the key issues to evaluate this manuscript. In fact, the authors empirically confirmed that the sensitivity of Psigw without sequestration step was too weak to generate bistability ( Figure S5 ).Thus the main conclusions were drawn well. To improve the potential impact, the authors should pay attention that their study should be also valuable in a BIOLOGICAL point view .
Major comments: 1. The authors need to provide the microscopic images/examples (before and after imaging processing) corresponding to Figures 2C, 2D 3C, 3D and 3H, for the proper evaluation on the quality of their data sets and the analytical process, 2. The positive feedback regulation mediated by the interactions between sigma factor and antisigma factor has been proposed as a potential mechanism in bacterial persistence, by Tiwari et al (2010, Physical Biology) . Additionally, the experimental demonstration of a tunable positive autoregulation exhibiting bimodal distributions has been lately reported by Lee and Maheshri (2012, Molecular Systems Biology) . Considering these previous reports, the authors are recommended to discuss the progress in their study and/or to clarify the novelty of their work.
3. In the supplementary data, the equation of free-sigma _factor (just above Eqn 1) seems to be different from the original solutions in references 1-3. The authors should explain.
Reviewer #3 (Remarks to the Author):
This manuscript introduces a new synthetic gene circuit design for building a memory module. Memory modules are in general deterministically bistable, which requires combining positive feedback with sigmoidal dose-response. While several memory modules have been built in bacteria, yeast and mammalian cells since 2000 (when the toggle switch was introduced as the first memory module), all of the earlier gene circuits relied on cooperativity to obtain the sigmoidal response necessary for bistability. As opposed to these earlier versions of a memory module circuit, the one proposed here relies on sequestration-dependent ultrasensitivity to generate a nonlinear doseresponse -a theme frequently observed in natural regulatory networks. A second version of the construct allows the tuning of the switching boundaries.
The manuscript is well-written; the findings are interesting; and the work is interdisciplinary, which makes it relevant for the readership of Molecular Systems Biology. However, several details remain to be provided and the work needs to be placed in the context of the recent literature before it could be published in Molecular Systems Biology.
Major comments:
(1) In the manuscript, only lower bounds of the memory are provided. Moreover, no distinction is made between the memories of the ON and OFF state. Since this is a synthetic memory module, its memory needs to be estimated. Such measurements would be critical for any future application. Therefore, instead of stating that "the cells held their state in the hysteretic region for 72 doublings", for example, the memory of both states (ON and OFF) should be separately measured by fitting simple mathematical models that incorporate growth of cells in the ON and OFF states and the switching between them. Such a model has been described and applied to measure separately the memories of ON and OFF states for a memory module with tunable switching rates in PLoS Comput. Biol. 8(4):e1002480 (2012), which should be cited. It would be great if such measurements could be done for both Fig (2) From a broader perspective (and somewhat surprisingly, considering the pioneering role of the senior author in defining the role of noise in the outcome of lambda phage infections), noise and its role are completely ignored when analyzing the dynamics of the synthetic gene circuit. Ultimately, noise will be destroying memory in the ON and OFF states -and how fast this happens defines the capabilities of the memory module. In fact, true hysteresis exists only theoretically in the presence of noise, because if the system is allowed to relax for sufficient time, noise will induce transitions between the ON and OFF state, destroying the memory of previous states. Cells with ON and OFF history will have identical (bimodal) gene expression histograms even in the bistable region after sufficient time. Experimentally, it would be very useful to study how do peak heights in the bimodality domain depend on the time after switching to the hysteretic state? This may require resuspending the cells into medium of identical composition to avoid stationary phase. Moreover, it would be very useful to develop some simple mathematical or computational (stoichastic) models to assess the role of noise on the system. This may also address the first point about determining the memory of the ON and OFF states. Also, I am wondering what may be the explanation for the disagreement of the experimental data with the model in Fig. 3D (bimodal histograms observed in theoretically monostable conditions).
Minor comments:
(1) In terms of natural systems where sequestration creates nonlinearity, it may be worth citing Phys Biol 7(3):036005 (2010). A recent review article where sequestration and its role in network dynamics is extensively discussed is Nat Rev Microbiol 9(11):817-28 (2011). In terms of synthetic systems, a relevant paper is PNAS 100(13):7714-9 (2003).
(2) For the broader applicability of the proposed design, what parts may be used for sequestration in eukaryotic cells? This would be useful to discuss in a couple of sentences.
(3) Spell out ECF when used for the first time: "extracytoplasmic function". 
Response to reviewers
Reviewer #1 (Remarks to the Author):
Synopsis: By combining sigma auto-activation (i.e. sigW) with sequestration by antisigma (i.e. rsiW), the authors have built a synthetic two-gene circuit that exhibits hysteresis and memory, i.e. bistability (Fig. 2) . The authors are able to toggle the circuit ("Set-Reset latch") between monostable HI, bistable, and monostable LO (Fig. 3) . They do this by varying levels of sigma and anti-sigma through arabinose induction of AraBAD promoter and anhydrotetracycline induction of Tet promoter.
Significance: An RS latch has been built previously by Gardner et al, Nature (2000) . The novelty is the mechanism (i.e. protein sequestration) that generates the nonlinear threshold necessary for bistability. To our knowledge, the authors are correct that no one has yet built an in vivo bistable circuit using protein sequestration (however, see our comment below). We think that the RS latch circuit presented here represents a significant advance.
However, we have experimental concerns regarding the authors' choice of sigma/antisigma. It is unclear to what extent the bistability may be an artifact of toxicity (see Tan et al, Nat. Chem. Biol. 2009; Klumpp et al, Cell 2009 ) and whether the sigma/anti-sigma strategy is scalable; see our comments below. The best way to address these concerns would be for the authors to include additional experiments (which may have already been done, but were not presented in the short manuscript). We recommend that the Editor allow the authors to expand Figures and text, as needed.
Comments:
1. The toxicity and scalability problem stems from the importance of sigma factor, a critical component of bacterial RNA polymerase. There are different sigma factors in E. coli (sigma 70, sigma 54, sigma 28, etc..), these sigma factors bind tightly to holoenzyme (Kd = 0.1 to 4 nM), and compete for holoenzyme; see Maeda et al, NAR 28: 3497 (2000) and Grigorova et al, PNAS (2006) . Thus, overexpression of one sigma factor could titrate holoenzyme from other sigma factors (and hence, repress gene expression of important bacterial regulons). This overexpression could easily lead to toxicity, i.e. reduced growth rate. This situation becomes exacerbated when a sigma factor stimulates its own expression, i.e. positive feedback. It has been shown previously that overexpression toxicity in combination with positive feedback can generate bistability; see Tan a. Verify that SigW overexpression does not affect cell growth rate.
In Fig. S3 , the authors show that pre-grown ON strains [which strain? Figure 2? ] transferred into -ara (ON) or +ara (OFF) have a 3% growth difference after 12 hours of growth. NOTE: It would be helpful to see the OD600 growth curves with best-fit exponential growth curve (and inferred rates). However, we were hoping to see growth rate of a pre-grown OFF strain put into +ara (OFF). We think that this is the relevant comparison.
As suggested by the reviewer, we have performed this experiment by measuring the OD600 every 30 minutes using a pre-grown OFF strain in the OFF state and a pre-grown ON strain in the ON state. We then fit these growth curves to an exponential growth function and measured a growth difference of 4.5% between the ON and OFF states (shown in Supplementary Table 1) . The mild growth defect in our system is unlikely to be sufficient for bistability. In contrast, the previous work by Tan et al with T7 RNA polymerase in a positive feedback loop to yield bistability from nonlinearity in growth rates had the ON cells growing 160% slower than the OFF cells. The magnitude of the growth defect affects the degree of nonlinearity from the degradation+dilution term; with a strong growth defect, this term forms a curve that more easily intersects a hyperbolic production term three times.
We understand the reviewer's concern that sigW might be sufficient by itself in a positive feedback loop to result in bistability from another source of ultrasensitivity. We observe a unimodal distribution of all ON cells in the absence of the anti-sigma factor, which suggests that SigW alone in a positive feedback loop is not sufficient to give bistable behavior.
We include a strong Sigma 70 constitutive promoter driving CFP expression in the time course experiments used to measure stochastic switching. The results shown in Supplementary Figure 4 suggest that SigW is not able to sequester polymerase away from constitutive promoters. Because Sigma 54 promoters are often used in stress response and require an activator protein to initiate transcription, there are no good constitutive Sigma 54 promoters currently used by the synthetic biology community.
d. The authors note that there are 35 ECF sigma factors with orthogonal anti-sigma factors, so the scalability should be easy to achieve. However, for reasons outlined above, it is not obvious that this approach is scalable. As one adds heterologous, auto-activating sigma factors, the holoenzyme-sigma 70 fraction will diminish and toxicity increases. We think the authors' claims of orthogonality and scalability would be strengthened by the use of another sigma/anti-sigma pair. This would confirm that these results are not unique for sigW and that multiple sigma factors are free of toxicity issues.
We understand the reviewer's concerns with our claims of scalability. We have included a new supplementary figure that demonstrates hysteresis using a bistable switch based on a sigma factor and anti-sigma factor from Rhodobacter sphaeroides (Supplementary Figure 5) . We observe a 4-5% growth rate defect between the ON and OFF states using the new switch. We discuss in the Discussion section potential solutions, such as reducing the rate of maximal sigma factor production from the feedback loop, or one could identify the issues in the microbial host to fix the deleterious interactions. Finally, we observe some cross-talk between SigW/SigE and their promoters (Supplementary Figure 7) . The promoters we use in the current study have not been optimized for orthogonality. We leave developing a truly scalable system from the ECF sigma factors to later work.
We thank the reviewer for using our equations and fitted parameters to infer the underlying biochemical parameters and concentrations. As the reviewer notes, SigW over-expression can be toxic to the cells. We find ~4.5% growth rate defect in the ON cells in our current system, suggesting that the current concentration of SigW in the ON state is mildly harmful to the cells. Future implementations could decrease the rate of sigma factor production from the positive feedback loop, although this decreases the hysteresis region (we derive an analytical relationship for this trade-off in the SI). We agree that it would be useful to measure Km, Kd, and molecular concentrations so that one could choose a target concentration for the sigma factor and optimize the trade-off between the growth rate and the width of the hysteresis region. We propose that once a basis set of orthogonal sigma factors is found, the parameters would be measured in parallel for the different sigma factors. Since our current manuscript serves as a proof-of-concept for a bistable switch using a sigma factor and anti-sigma factor, we leave the identification of this basis set and the associated measurements to future work.
3. Erik Winfree and co-workers have shown that sequestration (DNA-DNA rather than protein-protein) combined with positive feedback can generate bistable behavior (Kim et al, Mol. Syst. Biol. 2006 ). Yet, the authors write: "Curiously, no one has yet demonstrated in vivo that sequestration with positive feedback is sufficient to build a bistable switch ...". We think that the authors are being ungenerous to the success of in vitro synthetic biology by not acknowledging the prior work of Winfree and others. We have reorganized the Discussion section so that this citation, which appeared in the original manuscript, is more prominent.
The authors also forgot to cite recent in vivo work that built a T latch (push-on, push-off); see Lou et al, Mol. Syst. Biol. (2011) .
We thank the reviewer for suggesting this recent paper. We have included this work when discussing other memory devices at the end of the Discussion section.
3. The SOM is disorganized. We suggest that the authors significantly improve this section. In addition, the authors should: a. Use software capable of type-setting equations.
We have updated the SOM so that equations are properly formatted.
b. Provide more information in captions (strains? experimental conditions?)
We have expanded the captions in the SOM to thoroughly describe the strains and experimental conditions used. Fig. S7 fluorescence was divided by OD? If so, please state. If not, these plots need to be redone.
c. Explain whether RFUs in
We thank the reviewer for catching this. We have redone these plots so that we use the RFU/OD measurements for calculating the pBad induction curves (now moved to Supplementary Figure 9) . We find it difficult to compare our pBad measurements to Wang et al since they used a different strain background. They performed the pBad measurements using MC1061, which contains the natural araE feedback loop that leads to all-ornothing induction (Siegele and Hu, PNAS 1997) . At 37 degrees, they found n~1.4, K~.5 mM~750*10 -5 %, and 12,000-fold induction (Table 2) . We measured n~1.78, K~33*10 -5 %, and 4300-fold induction. Some of the differences can be attributed to the different strain backgrounds, but BW27783 is the more appropriate host for using pBad since it avoids the all-or-nothing behavior.
We have redone the pTet induction curves using aTc from a different supplier and updated the switching boundaries shown in Figure 3 . For pTet, we measure 1990-fold induction and Km~.07 uM.
Tamsir et al. used both the pBad and pTet promoters in their recent paper in Nature 2010 using DH10B cells in LB medium. Although they fit their induction curves to a Shea-Ackers model, we can still obtain maximal fold induction and the concentration for half-maximal induction. For pBad, they measure 477-fold induction and half-maximal induction at ~.01 mM~15*10 -5 %; for pTet, they measure 75-fold induction and half-maximal induction at ~14 ng/uL~.03 uM (for both promoters, their model under-estimates the maximal fold-induction compared to their experimental data in Figure 1 ). We find reasonably close agreement between our half-maximal induction concentrations and the transfer functions measured by Tamsir et al. The remaining differences can be attributed to different strain backgrounds or differences in the assay or growth conditions. Table S1 was confusing (e.g. Pbad-RsiW+mRFP). Is this standard gene nomenclature? We apologize for the confusing shorthand used. We have written out the description for the plasmids for easier understanding.
Description in

Reviewer #2 (Remarks to the Author):
Major comments: 1. The authors need to provide the microscopic images/examples (before and after imaging processing) corresponding to Figures 2C, 2D 3C, 3D and 3H , for the proper evaluation on the quality of their data sets and the analytical process, Segmentation of microscope images of bacteria is notoriously difficult, but we have tuned the image processing routine for our purposes. In particular, we care about the fraction of the population that is OFF, so we minimize the number of false positives. This allows us to avoid classifying dirt or other debris as OFF cells. On the other hand, the segmentation routine will skip difficult cells or clumps. Since we do not observe an obvious bias in the clumping probability between ON and OFF cells, we should be measuring an accurate distribution, but we are forced to take more images per sample. Finally, we note that flow cytometry would be worse for our application since cells can also be clumping, and it becomes much more difficult to differentiate debris from actual OFF cells. Supplementary Figure 12 includes examples of the image segmentation results when the cells are forced entirely ON and OFF. All images and the segmentation results have been uploaded as Matlab files to http://genomics.lbl.gov/supplemental/sequestration (each image is ~10 MB).
2. The positive feedback regulation mediated by the interactions between sigma factor and anti-sigma factor has been proposed as a potential mechanism in bacterial persistence, by Tiwari et al (2010, Physical Biology) . Additionally, the experimental demonstration of a tunable positive autoregulation exhibiting bimodal distributions has been lately reported by Lee and Maheshri (2012, Molecular Systems Biology) . Considering these previous reports, the authors are recommended to discuss the progress in their study and/or to clarify the novelty of their work.
We thank the reviewer for the helpful suggestions. We have included the Lee and Maheshri paper in the Introduction and the Tiwari et al paper in the Discussion. We have rewritten the Introduction to emphasize that the prior works demonstrate ultrasensitivity in eukaryotic systems, but they did not include a positive feedback loop, a necessary component for bistability. We have rewritten the Discussion section to emphasize that the current manuscript demonstrates in vivo that sequestration can be used with positive feedback while Tiwari et al propose a model with a different architecture from ours to explain bistability in a natural system.
We have added a brief sentence to explain that + ! + ! − 4 can be rewritten
This manuscript introduces a new synthetic gene circuit design for building a memory module. Memory modules are in general deterministically bistable, which requires combining positive feedback with sigmoidal dose-response. While several memory modules have been built in bacteria, yeast and mammalian cells since 2000 (when the toggle switch was introduced as the first memory module), all of the earlier gene circuits relied on cooperativity to obtain the sigmoidal response necessary for bistability. As opposed to these earlier versions of a memory module circuit, the one proposed here relies on sequestration-dependent ultrasensitivity to generate a nonlinear dose-responsea theme frequently observed in natural regulatory networks. A second version of the construct allows the tuning of the switching boundaries.
(1) In the manuscript, only lower bounds of the memory are provided. Moreover, no distinction is made between the memories of the ON and OFF state. Since this is a synthetic memory module, its memory needs to be estimated. Such measurements would be critical for any future application. Therefore, instead of stating that "the cells held their state in the hysteretic region for 72 doublings", for example, the memory of both states (ON and OFF) should be separately measured by fitting simple mathematical models that incorporate growth of cells in the ON and OFF states and the switching between them. Such a model has been described and applied to measure separately the memories of ON and OFF states for a memory module with tunable switching rates in PLoS Comput. Biol. 8(4):e1002480 (2012), which should be cited. It would be great if such measurements could be done for both Fig. 2 and 3 (hysteresis and latch) -but for Fig. 2 they are critical.
We thank the reviewer for bringing up the important concern regarding the memory in our system. We have adapted the model introduced in the Plos Computational Biology paper, and measure the memory of the cells used in Figure 2 over 72 hours. Details of the switching model are provided in the Supplementary Information, and we note that the analytical result we obtain from Mathematica can be shown to match the previously published solution. In addition, we further simplify the expression in the limit that the cells are entirely ON or OFF at the start to fit the switching parameters. The results in Supplementary Figure 2 show that the ON cells are much less stable than the OFF cells. By 48 hours, one of the three replicates starting from ON has started to switch OFF, and the most stable replicate is mostly OFF by 72 hours. Based on these results, we discuss in the Discussion section that our latch design may not be suitable for applications that require stable long-term operation.
(2) From a broader perspective (and somewhat surprisingly, considering the pioneering role of the senior author in defining the role of noise in the outcome of lambda phage infections), noise and its role are completely ignored when analyzing the dynamics of the synthetic gene circuit. Ultimately, noise will be destroying memory in the ON and OFF states -and how fast this happens defines the capabilities of the memory module. In fact, true hysteresis exists only theoretically in the presence of noise, because if the system is allowed to relax for sufficient time, noise will induce transitions between the ON and OFF state, destroying the memory of previous states. Cells with ON and OFF history will have identical (bimodal) gene expression histograms even in the bistable region after sufficient time. Experimentally, it would be very useful to study how do peak heights in the bimodality domain depend on the time after switching to the hysteretic state? This may require resuspending the cells into medium of identical composition to avoid stationary phase. Moreover, it would be very useful to develop some simple mathematical or computational (stoichastic) models to assess the role of noise on the system. This may also address the first point about determining the memory of the ON and OFF states. Also, I am wondering what may be the explanation for the disagreement of the experimental data with the model in Fig. 3D (bimodal histograms observed in theoretically monostable conditions).
We understand the reviewer's concern that we model the system deterministically although perhaps the more appropriate representation accounts both for the intrinsic stochastic dynamics of the the circuit and the extrinsically noisy environment of a cell. Stability analysis using the Chemical Master Equation or the more approximate Langevin equation is difficult with systems such as this. However, Supplementary Figure 2 shows that for cells that start from ON and are continually resuspended in the memory region, the ON peaks decrease over time as the cells switch OFF. For cells starting from OFF, there is a slight broadening of the OFF peak over the duration of the time course. The model for stochastic switching with different growth rates that we have adapted from the Plos Computational Biology paper by Nevozhay et al allows us to infer the switching rates of the two states.
With regards to the disagreement in the bifurcation diagrams shown in Figure 3 , the models used to generate the bifurcation boundaries are based on a deterministic description of the system. Thus, the bimodal histograms in the theoretically monostable regions can be from noise in the system or from imperfections in our simplified model and the fitting of the parameters (e.g, the parameters and strongly determine the width of our hysteresis region as illustrated in Fig S11) .
(1) In terms of natural systems where sequestration creates nonlinearity, it may be worth citing Phys Biol 7(3):036005 (2010). A recent review article where sequestration and its role in network dynamics is extensively discussed is Nat Rev Microbiol 9(11): 817-28 (2011) . In terms of synthetic systems, a relevant paper is PNAS 100(13): 7714-9 (2003) .
We thank the reviewer for also mentioning the paper by Tiwari et al in Physical Biology that we have included in the Discussion section. We have included the review by JCJ Ray et al in the introduction section. Since the Isaacs et al paper in PNAS failed to observe hysteresis (using a switch built from a temperaturesensitive λ repressor in a positive feedback loop), we can not include this citation with the other works that more convincingly demonstrated bistability.
In the introduction, we mention that previous work demonstrating ultrasensitivity from sequestration was performed in eukaryotes. In principle, the parts previously used in those works (Bashor et al, Buchler and Cross, Lu et al, or Lee and Maheshri) could be used to build a bistable switch if a positive feedback loop was included.
(3) Spell out ECF when used for the first time: "extracytoplasmic function". We thank the reviewer for catching this mistake that we have remedied.
